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(54) Measuring temperatures and heat 
transfer coefficients 

(57) A probe is plugged into the wall of 
a combustion chamber, so that its distal 
end effectively forms part of the wall of 
that chamber. The probe contains two 
separate elongate bodies (3, 4) largely 
surrounded by an air ga p and each 
containing two thermocouples (8, 9; 10, 
11) one near the distal end and the 
other at the proximal end. The thermal 
conductivities of the two bodies are 
different and known, and the proximal 
end of the probe can be kept at a 
controlled temperature by cooling fluid 
from 7. From the thermocouple mea- 
surements and the known thermal con- 
ductivities can be calculated the heat 
fluxes in the two bodies, and hence the 
temperature in the enclosed space and/ 
or the heat transfer coefficient. 




The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 



2131175 




Fig. 2. 



2131175 

2/2 




Fig, 3. 
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SPECIFICATION 

A method of and apparatus for measuring temperatures and heat transfer coefficients 

5 This Invention relates to a method of and apparatusfor measuring temperaturesand heat transfer 5 
coefficients. It is primarily concerned with such measurements in rec.procating internal combustion engines, 
where it is important to assess the thermal loading of various components. „ Antt „„ 
At p esenuhe experimental techniques for such measurements are difficult to use or interpret, and often 
unreLle.ThemeaLrementofgas-to-me^ 

lOperiodicvariationofthewallsurfacetemperatu^ 10 
Fourier differential equation that describes the temperature pattern in the wall as a function of time and 
Sn This technique demands very thin film probes and quite sophisticated mathematical treatment of 

th |n^rthefm d e a thod,the steady-state local heatfluxfrom the steady-state wall temperature gradient is 
1 5 measured ThTs s ob ained by evaluating the measured temperature distribution with the solutoon of the 16 
Splace equation, or by means of a steady-state heat flux probe. Information on the relevan mean gas 
temperature is then required, but the existing methods for measuring .cylinder gas temperatures^ 
velocity of sound method or the infra-red method, are usually very difficult to put into pract.ce and to 

20 '"it telhe aim of this invention to provide means for determining gas temperatures in a closed space such as 20 
a combust chamber, and the gas-to-metal heat transfer coefficient atthatzone, by essentially simple 
aDDaratus and straightforward and brief calculations from the data it produces. 

to one aspect of the present invention there is provided a method of measuring temperature 
wheSwo advent heat escape 9 paths with known and different thermal conductances are arranged to 

25 ndfromthesourcewhosetemperatureistobedetermined,thetemperaturegrad,ent.neachpath.s 25 

measured by sensing devices near and remote from the source, the heat flux in **^ °*™"Z f rom 
!he gradients and the conductances, and the source temperature is calculated from the fluxes and the 

measured temperatures from the sensing devices. ,.„„,.,, 

According to another aspect of the present invention there is provided a me hod of determ n.ng a heat 

30 transfc coefficient wherein two adjacent heat escape paths with known and different thermal conductances 30 
are arranged to lead from a zone where a heat transfer coefficient is to be determined, the temperature 
gradient Sach path is measured by sensing devices near and remote from the zone, the heat flux in each 
pSh is ascertained from the gradients and the conductances, and the heat transfer coefhaent is calculated 
from the fluxes and the measured temperatures from the sensing devices. 

35 In toll r S es, in the final calculation the temperatures from the sensing devices near the source or zone 35 

af |f Seheat transfer coefficient is determined first, an alternative calculation can give the temperature to be 

""These methods are particularly applicable to the measurement of gas temperatures in an enclosed space, 
40 or 2 ; dete e mination of a gas-to-metal heat transfer coefficient such as in the combustion chamber of an 

'TcoSSafoZfaTpect of the present invention there is provided apparatus for carrying out such 
metiiods comprising two elongate bodies of known and differential thermal conductances temperature 
measuring fiSZTi opposite ends of the bodies, and means for mounting said bod.es adjacent each other 
45 with one end of each exposed to the source or zone to be measured. 
Preferably.thetempe^ 

temperature gradients, there may be means for cooling or controlling the temperature ofthe other ends of 
said bodies remote from the source or zone. Lh,u., B ,;, na „ 
In orderto ensure substantially uni-dimensional heat conduction, there will preferably be an air gap 

50 beree^mostofthem^ 

of similar shape and arranged side-by-side, or there could be one body coaxially w.th.n the other, which 

Tol^bet^ 

with reference to the accompanying drawing, in which: 
55 Figure 1 is an axial section of a temperature measuring probe; 

Figure 2 is a cross-section ofthe probe on the line ll-ll of Figure 1 ; and 

Fiaure 3 is a cross-section of an alternative probe. t^^w*** 
The probe of Figures 1 and 2 has a generally cylindrical shell 1 of high alloy stee , which of poor heat 

conductivity. Thls'wil. be inserted like a plug into the wall of a cylinder so that its ^J^™*^ 
60 provide part ofthe internal surface of that cylinder and be directly exposed to the combus t.on ga *es .Two 

generally cylindrical bodies 3 and 4 of similar shape but of different materials are arranged « d ^by-sjde 

Sthes^^ 

end face 2 These ends are therefore also exposed to the combustion gases. At the other ends, the bodies d 
Sd ^o2S by a web 5 across the shelfand in between they are of shghtly reduced diameter to ^create a 
65 s^bs JntlSr gap 6 between themselves and the shell 1 . The inner ends ofthe bodies 3 and 4 are centrally 
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recessed and exposed to cooling fluid, usually water, from a source 7. This enables the temperatures on the 
probe surfaces to be controlled. 

Each body has two thermocouples, preferably of NiCr-Ni material, one near the end exposed to the gas 
and the other near the opposite end. These are referenced 8, 9, 10 and 1 1 , and they read wall temperatures 
5 Tewg, Tewc; Tew'g, Tew'c as shown in Figure 1 . The thermal conductances of the bodies 3 and 4 differ 5 
substantially, that of the body being K/1 and that of the body 4 being K7V, also as indicated in Figure 1, and 
these are precisely calibrated beforehand. Therefore, the corresponding heat flux q and q' In each body can 
be calculated from the measured wall temperatures. Tewg, Tewc, Tew'g, Tew'c, as:- 

10 £ 10 

q = j (Tewg - Tewc) in body 3 (1 ) 

K' 

15 q' =y, (Tew'g - Tew'c) in body 4 (2) 15 

However, both elements are facing the same gas-side boundary condition, i.e. the same mean effective 
gas temperature Teg and the same heat transfer coefficient heg. Hence: - 
20 20 
q = heg (Teg - Tewg) in body 3 (3) 

q' = heg (Teg -Tew'g) in body 4 (4) 

25 Manipulation of equations (3) and (4) yields:- 25 

q - q' « heg (Tew'g - Tewg) (5) 

Therefore the heat transfer coefficient heg can be found as:- 
30 30 
heg = (q-q')/Tew'g - Tewg) (6) 

in which Tewg, Tew'g are the measured wall surface temperatures; whereas q and q' are also known from 
the measured temperature gradients, equations (1) and (2). 
35 From the calculated heat transfer coefficient heg, the mean effective gas temperature Teg thus can also be 35 
obtained as:- 

Teg = (q/heg) + Tewg (7) 

40 or 40 

Teg = (q'/heg)+ Tew'g (8) 

Alternatively, by eliminating heg from equations (3) and (4) one can arrive at:- 

45 T q Tew'g -q'Tewg (9) 45 

q-q' 

and thus determine the effective mean gas temperature without first ascertaining the heat transfer 
50 coefficient. 50 
Figure 3 shows an alternative construction in which, instead of two similarly shaped bodies, there is a solid 
cylindrical body 12 coaxially within a hollow cylindrical body 13, with an air gap between as much of them as 
possible, and also surrounding the outer body 13. Various other configurations may be adopted for special 
purposes. 

55 55 
CLAIMS (Filed on 15.9.83.) 

1. A method of measuring temperature wherein two adjacent heat escape paths with known and 
different thermal conductances are arranged to lead from the source whose temperature is to be 

60 determined, the temperature gradient in each path is measured by sensing devices near and remote from 60 
the source, the heat flux in each path in ascertained from the gradients and the conductances, and the source 
temperature is calculated from the fluxes and the measured temperatures from the sensing devices. 

2. A method of determining a heat transfer coefficient wherein two adjacent heat escape paths with 
known and different thermal conductances are arranged to lead from a zone where a heat transfer coefficient 

65 is to be determined, the temperature gradient in each path is measured by sensing devices near and remote 65 
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from the zone, the heat flux in each path is ascertained from the gradients and the conductances, and the 
heat transfer coefficient is calculated from the fluxes and the measured temperatures from the sensing 
devices. 

3. A method as claimed in claim 1 or 2, wherein only the measured temperatures from the sensing 

5 devices near the source are used in the final calculation, 5 

4. A method as claimed in claim 2, or claims 2 and 3, wherein the temperature of said zone is determined 
from the calculated heat transfer coefficient, an ascertained heat flux and a measured temperature. 

5. Apparatus for carrying out the method of any preceding claim, comprising two elongate bodies of 
known and different thermal conductances, temperature measuring devices at opposite ends of the bodies, 

10 and means for mounting said bodies adjacent each other with one end of each exposed to the source or zone 10 
to be measured. 

6. Apparatus as claimed in claim 5, wherein the temperature measuring devices are thermocouples. 

7. Apparatus as claimed in claim 5 or 6, and further comprising means for cooling or controlling the 
temperature of the other ends of said bodies remote from the source or zone. 

15 8. Apparatus as claimed in claim 5, 6 or 7, wherein said bodies are supported by mounting means having 15 
contact at opposite ends, leaving an air gap around them between said ends. 

9. Apparatus as claimed in any one of claims 5 to 8, wherein said bodies are of similar shape and 
mounted side by side. 

10. Apparatus as claimed in any one of claims 5 to 8, wherein one body is arranged co-axially within the 

20 other body. 20 

11. Apparatus for measuring temperature or determining a heat transfer coefficient substantially as 
hereinbefore described with reference to Figures 1 and 2 or Figure 3 of the accompanying drawings. 
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